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ABSTRACT
We have used the Nanshan 25-m Radio Telescope at Xinjiang Astronomical Observatory to obtain
timing observations of 87 pulsars from 2002 July to 2014 March. Using the "Cholesky" timing analysis
method we have determined positions and proper motions for 48 pulsars, 24 of which are improved
positions compared to previously published values. We also present the first published proper motions
for nine pulsars and improved proper motions for 21 pulsars using pulsar timing and position com-
parison method. The pulsar rotation parameters are derived and are more accurate than previously
published values for 36 pulsars. Glitches are detected in three pulsars: PSRs J1722−3632, J1852−0635
and J1957+2831. For the first two, the glitches are large, with ∆νg/ν > 10−6, and they are the first
detected glitches in these pulsars. PSR J1722−3632 is the second oldest pulsar with large glitch. For
the middle-age pulsars (τc > 105 yr), the calculated braking indices, |n|, are strongly correlated with τc
and the numbers of positive and negative values of n are almost equal. For young pulsars (τc < 105 yr),
there is no correlation between |n| and τc and most have n > 0.
Keywords: pulsar: general– methods: data analysis
1. INTRODUCTION
Pulsar timing is employed to determine pulsar posi-
tions and proper motions (Hobbs et al. 2004; Zou et al.
2005; Li et al. 2016), test the general theory of relativity
(e.g., Hulse & Taylor 1975; Kramer et al. 2006b), detect
gravitational waves (e.g., Hellings & Downs 1983; Perera
et al. 2019). The pulsar timing technique (Manchester &
Taylor 1977; Backer & Hellings 1986; Lorimer & Kramer
2004) allows observed topocentric pulse times of arrival
(ToAs) to be compared with a model which contains
information about the pulsar astrometric, orbital and
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rotational parameters. The differences between the ac-
tual ToAs and the predicted ToAs are known as pulsar
timing residuals. For a perfect model, the timing resid-
uals would be dominated by measurement uncertainties.
Any other features observed in the timing residuals in-
dicate the presence of un-modelled effects which may
include calibration uncertainties, spin-down irregulari-
ties or the timing signal caused by gravitational waves.
The spin-down of pulsars is usually remarkably stable
and predictable. However, timing observation of pulsars
with low characteristic age have revealed two types of ro-
tation irregularities, namely, glitches and timing noise.
Glitches are manifested as a sudden, discontinuous in-
crease of the rotation frequency, in some cases followed
by a period of relaxation (Yuan et al. 2010a,b; Espinoza
et al. 2011; Yu et al. 2013). About 550 glitches have been
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detected in pulsars1. Possible models for glitches include
starquakes (Baym et al. 1969) and coupling between the
interior superfluid and the inner crust, resulting in a
rapid transfer of angular momentum to the outer crust
of the star (Anderson & Itoh 1975).
Timing noise consists of unexpected, and thus un-
modelled, time-correlated features in the timing residu-
als relative to the existing slowdown model. It is seen in
most pulsars at some level. One possible cause for these
correlated variations is intrinsic "spin noise" which re-
sults from rotational irregularities of the neutron star
itself. This is generally regarded as a stochastic noise
process with a red power spectrum, with studies of
large samples being carried out in the past (e.g., Hobbs
et al. 2010). Low-frequency structures observed in pul-
sar data sets have been modelled by, for example, ran-
dom processes (Boynton et al. 1972), superfluid turbu-
lence (Melatos & Link 2014) and variations in spin-down
torque (Urama et al. 2006; Lyne et al. 2010). However,
the physics underlying timing noise is still largely un-
known. A better understanding of pulsar timing noise
may provide an insight to the interior structure of neu-
tron stars (Anderson & Itoh 1975; Espinoza et al. 2011;
Yu et al. 2013).
Pulse frequencies (ν), frequency first time-derivatives
(ν˙), frequency second time-derivatives (ν¨), and pulsar
positions and proper motions, are important parameters
for pulsars. The pulse frequency and its time derivative
determine the pulsar characteristic age, τc ≡ −ν/(2ν˙),
an upper limit on the true age of the pulsar. If the
ν, ν˙ and ν¨ are known, the braking index n = νν¨/ν˙2
may be computed. Because of the timing irregularities,
the pulsar rotation parameters, positions and proper
motions will deviate from the predicted value. High-
order polynomial fitting (Zou et al. 2005) and harmonic
whitening (Hobbs et al. 2004) were used to reduce the
effect of timing noise. Coles et al. (2011) showed that
these two methods often lead to severe underestimates of
the parameter uncertainties and present the "Cholesky"
method based on a generalized-least-squares fitting pro-
cedure which can whiten the residuals to provide unbi-
ased parameter measurements in the presence of timing
noise. The method has been implemented as the spec-
tralModel plug-in of the Tempo2 software package 2
(Hobbs et al. 2006) and has been applied to determine
the positions and proper motions of millisecond pulsars
(Reardon et al. 2016) and young pulsars (Li et al. 2016).
1 http://www.atnf.csiro.au/research/pulsar/psrcat/glitchTbl.html
and http://www.jb.man.ac.uk/pulsar/glitches/gTable.html
2 https://sourceforge.net/projects/tempo2/
In this paper, we use the "Cholesky" method to deter-
mine the position and proper motion for 48 pulsars and
the rotation parameters for 87 pulsars. In Section 2, we
introduce the pulsar observation system at the Nanshan
25-m radio telescope of the Xinjiang Astronomical Ob-
servatory (XAO) and the data processing method. The
results of data analysis are given in Section 3. Section 4
presents the discussion and Section 5 presents the con-
clusions from our work.
2. OBSERVATIONS AND DATA ANALYSIS
Timing observations of pulsars using the Nanshan 25-
meter Radio Telescope of Xinjiang Astronomical Ob-
servatory, Chinese Academy of Sciences, started in 2000
January with a dual-channel room-temperature receiver.
Since July 2002, a cryogenic receiver has been used for
regular pulsar timing observations. The receiver band-
width is 320 MHz, from 1380 MHz to 1700 MHz, with
a center frequency of 1540 MHz. Prior to 2010, obser-
vations were made using an analogue filter bank (AFB)
with 2 × 128 × 2.5 MHz channels (Wang et al. 2001).
A digital filter bank (DFB) constructed by the CSIRO
Australia Telescope National Facility (ATNF) has been
used since January 2010. The DFB is capable of pro-
cessing up to 1 GHz of bandwidth with four primary
modes of operation, i.e., folding, search, spectrometer
and baseband outputs. Pulsar observing systems re-
quire a method of dividing the observed bandwidth into
narrow channels to counter the effects of interstellar dis-
persion. The ATNF DFB systems are based on imple-
mentation of a polyphase filter in field programmable
gate array (FPGA) processors (Manchester et al. 2013).
The DFB hardware consists of three main parts: a high
speed analog-to-digital converter, the polyphase filter-
bank and a Pulsar Processing Unit (PPU). The PPU
contains a correlator giving polarisation products and
then folds data at the pulsar period. The DFB was
configured to give 1024 × 0.5 MHz channels with 8-bit
sampling. For each observation, the integration time is
4 to 16 minutes, and the observing cadence is about one
session every nine days. In this paper, the time span of
the data for two pulsars is from January 2000 to March
2014 and for the others from July 2002 to March 2014.
After obtaining the data, we applied the psrchive
software (Hotan et al. 2004) for offline processing, with
the pulsar ephemeris from the ATNF Pulsar Database3.
Firstly, the psrchive software (van Straten et al. 2012)
was employed to remove radio frequency interference
and to incoherently de-disperse the data, and then sum
in frequency, time and polarization to produce a mean
3 http://www.atnf.csiro.au/research/pulsar/psrcat/
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pulse profile. Secondly, we summed all of the observed
profiles to produce a high signal-to-noise ratio profile
and then used the paas software package to form a
noise-free standard profile for each pulsar. Finally, we
cross-correlated the mean pulse profile for each obser-
vation with the standard profile to obtain topocentric
pulse ToAs. As the data were acquired simultaneously
by the AFB and DFB from January 2010 to March 2014,
the splug plug-in of Tempo2 software package was em-
ployed to select the ToAs with the least uncertainty. To
remove the effects of the Earth’s motion, these ToAs
must be converted to the solar-system barycenter (SSB),
which can be regarded as the origin of an inertial ref-
erence system. The time system used was Barycentric
Coordinate Time (TCB) and we used the solar-system
ephemeris DE421 (Folkner et al. 2009). The observa-
tory clock is aligned with UTC via GPS and the clock
offsets are corrected to refer the ToAs to International
Atomic Time (TAI) by Tempo2. Tempo2 then fits a
pulsar timing model to the corrected ToAs to obtain a
timing solution. An offset between the AFB and DFB
ToAs was included in the timing model.
The timing analysis also employed the spectralModel
plug-in of the Tempo2 software package. The imple-
mentation steps are as follows:
(i) Using the efacEquad plugin to determine the
scaling factor "EFAC" for the original uncertain-
ties and the extra noise in quadrature "EQUAD"
to correct the measured uncertainties.4
(ii) Estimate an initial model of the timing noise with
the spectralModel plugin. The analytic model
for the spectrum of red noise is as follows:
P (f) =
A
[1 + (f/fc)2)]α/2
. (1)
where A is an amplitude (actually the noise power
at zero frequency), α is the spectra index and fc is
the corner frequency below which the noise power
spectrum plateaus. The corner frequency fc should
not be fc < 1/Tobs because fitting ν and ν˙ will
flatten the spectrum below this frequency (Coles
et al. 2011).
4 Artefacts in the profiles from instrumental instabilities, im-
perfect profile templates, un-excised radio frequency interference
(RFI) and intrinsic pulse jitter may lead to errors in the ToA
uncertainty estimates. The measured ToA uncertainties can be
multiplied by a scaling factor EFAC or a correction term EQUAD
added quadratically to allow for these additional errors. Here,
the new uncertainty, σ′ is related to the original uncertainty σ by
σ′2 = EFAC2 × (σ2 + EQUAD2).
(iii) If the spectrum of the initial red noise shows a peak
in the frequency of 1 yr−1, we include a fit for posi-
tion along with other pulsar parameters, including
the initial red-noise model, using the "Cholesky"
least-squares fitting procedure (Coles et al. 2011).
(iv) Determine a better red-noise model utilizing the
improved parameters (excluding fitting for the po-
sition and proper motion).
(v) Employ the better red-noise model and the
"Cholesky" least-squares fitting procedure to fit
the pulsar parameters (including position and
proper motion).
(vi) Improve the pulsar parameters and red-noise model
by iterating previous steps until the results con-
verge. Then save the final improved pulsar param-
eters (including position, proper motion and red-
noise model).
3. RESULTS
3.1. Positions and proper motions of 48 pulsars
New positions and proper motions have been deter-
mined from the Nanshan timing observations using the
methods described above for 48 pulsars. Proper motions
have also been obtained by comparing the timing posi-
tions with those from the literature with earlier epochs
(cf., Zou et al. 2005; Li et al. 2016).
Table 1 lists positions from the Nanshan timing anal-
ysis for 48 pulsars and also well-defined previously pub-
lished positions with earlier epochs for these same pul-
sars. Most of the previously published positions are from
papers referenced in the ATNF Pulsar Catalogue V1.54
(Manchester et al. 2005) as listed in the final column of
the table. Reference epochs and positions are marked
by superscripts "C" and "T", for the Catalogue posi-
tions and the timing positions respectively. A compar-
ison of the timing positions with the latest published
positions from the Catalogue V1.61 shows that our ob-
servations have improved the precision of the positions
for 24 pulsars, marked by superscript "I" on the pulsar
J2000 name.
Table 2 gives the proper motions determined from
Nanshan timing (superscript T), previously published
proper motions from V1.61 of the Pulsar Catalogue
(C), and proper motions computed by comparison of
Nanshan timing positions with earlier published posi-
tions as listed in Table 1 (CT). We have determined the
proper motions for nine pulsars with no previously pub-
lished proper motions, marked by superscript "N" on
the pulsar J2000 name, and improved the precision of
the proper motion for a further 13 pulsars, marked by
superscript "I".
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PSR J1722−3632 had a large glitch (see Sec. 3.4). Be-
cause of the short span of post-glitch data, we used only
the pre-glitch data to fit its position and proper motion.
Because PSRs J0629+2415, J1733−2228, J1750−2438,
J1759−1940, J1759−2922, J1808−2057 lie near the
ecliptic plane, the positions and proper motions in dec-
lination cannot be determined precisely from timing
and we only give the proper motions in right ascension.
For the other pulsars, our results are consistent with
previous measurements.
For many pulsars, the best proper motions are ob-
tained from the position comparison method. Most of of
the literature positions are from the Hobbs et al. (2004)
analysis of Jodrell Bank timing data and typically have
a position epoch of mid-1994, whereas the Nanshan tim-
ing positions have an epoch of mid-2008, giving an ef-
fective baseline of about 14 years. For some pulsars, the
effective baseline is much larger, up to 30 years. In con-
trast, the Nanshan timing data span of 12 years gives
an effective baseline of six years for proper motion de-
terminations. Consequently, the Nanshan timing proper
motions are often less precise than those from the posi-
tion comparison method. Using the position comparison
method, proper motions have been improved for a fur-
ther eight pulsars, marked by "P" in Table 2.
3.2. Velocities
In general, if we know the proper motion and dis-
tance of a pulsar, its transverse velocity is given by
VT = 4.74 µtotD km s−1, where µtot =
√
µ2α + µ
2
δ is the
total proper motion in mas yr−1, andD is the pulsar dis-
tance in kpc. Table 3 lists the derived velocities for 48
pulsars. Distances (D) obtained from the YMW16 (Yao
et al. 2017) and NE2001 (Cordes & Lazio 2002) Galac-
tic electron-density distribution models and from VLBI
observations (Deller et al. 2019) are given in columns
3 – 5, respectively. The next four columns give the
total proper motion (µtot) from pulsar timing and the
transverse velocities (VT ) corresponding to the three dis-
tance estimates. Finally, the last four columns give the
same results based on the position-comparison proper
motions. Uncertainties in pulsar velocities are com-
puted using standard error propagation and assuming a
10% uncertainty in the estimated distances. Note that,
for the YMW16 distance model, PSRs J0134−2937,
J1311−1228 and J2305+3100 have DMs higher than the
maximum Galactic DM in this direction. In these cases,
the YMW16 model sets a distance of 25kpc by default.
We did not use these distances to calculate the trans-
verse velocities. For six pulsars that are located near
the ecliptic plane, we give one-dimensional velocities,
V1D in Table 4, where V1D = 4.74 µα D, where µα is
the proper motion in the right ascension direction as in
Table 2.
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Table 1. Positions for 48 pulsars in J2000 equatorial coordinates. Superscripts "C" and "T" indicate values from the literature
and the analysis of the Nanshan timing data, respectively. Superscript "I" on the J2000 name indicates an improved measure-
ment. References for the positions are listed in the last column. Uncertainties in parentheses are in the last quoted digit and
are 1σ.
PSR Name PSR Name EpochC RAC Dec.C EpochT RAT Dec.T Ref.
(J2000) (B1950) (MJD) (h m s) (d m s) (MJD) (h m s) (d m s)
J0055+5117 B0052+51 49664 00:55:45.378(10) +51:17:24.9(1) 54611 00:55:45.394(3) +51:17:24.66(4) 6
J0134−2937 − 50846 01:34:18.6690(15) −29:37:16.91(3) 54607 01:34:18.6826(4) −29:37:17.040(7) 6
J0157+6212 B0154+61 49709 01:57:49.93(2) +62:12:25.9(2) 54594 01:57:49.95(2) +62:12:26.4(2) 6
J0335+4555 B0331+45 46109 03:35:16.643(2) +45:55:52.99(5) 54596 03:35:16.645(1) +45:55:53.44(3) 1
J0520−2553 − 51216 05:20:36.185(3) −25:53:12.28(10) 53570 05:20:36.194(5) −25:53:12.16(10) 6
J0629+2415 B0626+24 43984 06:29:05.719(4) +24:15:41.65(6) 54595 06:29:05.731(3) − 1
J0653+8051I B0643+80 46110 06:53:14.86(3) +80:51:59.9(1) 54593 06:53:15.25(1) +80:52:00.03(2) 1
J0754+3231 B0751+32 48725 07:54:40.688(5) +32:31:56.2(2) 54584 07:54:40.663(7) +32:31:55.9(3) 6
J0908−1739 B0906−17 48737 09:08:38.182(1) −17:39:37.67(3) 54601 09:08:38.209(1) −17:39:39.09(3) 6
J0944−1354 B0942−13 49337 09:44:28.956(1) −13:54:41.63(2) 54319 09:44:28.962(2) −13:54:41.84(4) 6
J1047−3032 − 51019 10:47:00.815(6) −30:32:18.0(1) 53571 10:47:00.84(3) −30:32:17.8(5) 6
J1311−1228I B1309−12 49667 13:11:52.66(2) −12:28:00.7(5) 54371 13:11:52.656(9) −12:28:01.1(3) 1
J1527−3931 B1524−39 43558 15:27:58.93(8) −39:31:35(3) 54217 15:27:58.85(5) −39:31:35(1) 1
J1543−0620 B1540−06 43889 15:43:30.170(8) −06:20:45.29(9) 54601 15:43:30.140(1) −06:20:45.42(6) 1
J1603−2531 − 50719 16:03:04.893(3) −25:31:47.36(7) 54602 16:03:04.866(3) −25:31:47.1(2) 6
J1614+0737I B1612+07 49897 16:14:40.906(9) +07:37:31.0(2) 54192 16:14:40.902(4) +07:37:31.7(1) 6
J1708−3426I − 50856 17:08:57.79(4) −34:26:44(2) 54565 17:08:57.784(2) −34:26:44.8(1) 6
J1722−3632I B1718−36 48378 17:22:09.817(8) −36:32:53.3(5) 53882 17:22:09.793(2) −36:32:55.0(1) 1
J1733−2228I B1730−22 42004 17:33:26(2) −22:28:45(45) 54132 17:33:26.429(9) − 1
J1735−0724 B1732−07 49887 17:35:04.972(1) −07:24:52.49(7) 54602 17:35:04.974(1) −07:24:52.14(8) 6
J1739−2903I B1736−29 49448 17:39:34.278(4) −29:03:03.5(5) 54598 17:39:34.289(1) −29:03:02.3(2) 6
J1743−3150 B1740−31 48378 17:43:36.71(2) −31:50:20(2) 54599 17:43:37.0(1) −31:50:22.3(10) 1
J1750−2438 − 51491 17:50:59.787(9) −24:38:58(7) 54540 17:50:59.780(9) − 6
J1759−1940 − 51491 17:59:57.04(1) −19:40:29(5) 53575 17:59:57.05(2) − 6
J1759−2922I − 50856 17:59:48.245(11) −29:22:07(3) 54589 17:59:48.253(7) − 6
J1808−2057I B1805−20 49612 18:08:06.40(1) −20:58:08(3) 54599 18:08:06.394(6) − 6
J1817−3618I B1813−36 43558 18:17:05.78(2) −36:18:04.0(6) 54520 18:17:05.830(7) −36:18:04.5(3) 6
J1820−1346I B1817−13 49609 18:20:19.76(1) −13:46:15(1) 54607 18:20:19.743(9) −13:46:15.0(7) 6
J1823−3106I B1820−31 50093 18:23:46.788(1) −31:06:49.8(1) 54607 18:23:46.7998(8) −31:06:49.56(7) 6
J1836−0436I B1834−04 49532 18:36:51.790(2) −04:36:37.7(1) 54515 18:36:51.788(1) −04:36:37.69(6) 6
J1839−0643I − 51368 18:39:09.80(1) −06:43:45(2) 54603 18:39:09.788(7) −06:43:44.5(4) 3
J1844+1454 B1842+14 49362 18:44:54.895(1) +14:54:14.12(2) 54602 18:44:54.897(2) +14:54:14.59(3) 6
J1857+0526I − 51800 18:57:15.856(8) +05:26:28.7(5) 54619 18:57:15.851(2) +05:26:28.64(7) 5
J1901+0716I B1859+07 49863 19:01:38.94(2) +07:16:34.8(4) 54537 19:01:38.956(5) +07:16:34.4(1) 6
J1902+0556I B1900+05 49722 19:02:42.620(3) +05:56:25.9(1) 54288 19:02:42.616(3) +05:56:25.92(6) 6
J1903+0135I B1900+01 42345 19:03:29.976(2) +01:35:38.20(7) 54587 19:03:29.983(1) +01:35:38.39(3) 1
J1905+0709 B1903+07 49466 19:05:53.62(2) +07:09:19.4(6) 54219 19:05:53.62(2) +07:09:19.2(6) 6
J1916+0951I B1914+09 42824 19:16:32.342(4) +09:51:25.29(7) 54587 19:16:32.3391(9) +09:51:25.93(2) 1
J1918+1444 B1916+14 49690 19:18:23.638(6) +14:45:06.0(1) 54644 19:18:23.679(10) +14:45:05.8(2) 6
J1926+0431I B1923+04 48716 19:26:24.470(9) +04:31:31.6(2) 54606 19:26:24.471(3) +04:31:31.37(8) 6
J1937+2544 B1935+25 49703 19:37:01.266(1) +25:44:13.68(2) 54248 19:37:01.2564(8) +25:44:13.52(1) 6
J1943−1237I B1940−12 48717 19:43:25.481(8) −12:37:42.4(5) 54561 19:43:25.480(4) −12:37:43.1(3) 6
J2004+3137I B2002+31 42303 20:04:52.295(4) +31:37:10.19(9) 54539 20:04:52.279(2) +31:37:09.99(3) 1
J2029+3744I B2027+37 49725 20:29:23.872(10) +37:44:08.2(1) 54150 20:29:23.882(6) +37:44:08.05(8) 6
J2055+2209I B2053+21 49726 20:55:39.151(5) +22:09:27.2(1) 54546 20:55:39.161(2) +22:09:27.09(5) 6
J2113+2754 B2110+27 48741 21:13:04.390(2) +27:54:02.29(3) 54595 21:13:04.360(3) +27:54:01.39(5) 6
J2149+6329 B2148+63 43890 21:49:58.59(3) +63:29:43.5(2) 54595 21:49:58.701(3) +63:29:44.23(2) 1
J2305+3100 B2303+30 48714 23:05:58.333(4) +31:00:01.80(8) 54602 23:05:58.322(3) +31:00:01.36(6) 1
The references for Table 1 and Table 2 are as follows: (1)Taylor et al. (1993), (2)Harrison et al. (1993) , (3)Morris et al. (2002) , (4)Brisken et al.
(2003) , (5)Kramer et al. (2003) , (6)Hobbs et al. (2004), (7)Li et al. (2016), (8)Deller et al. (2019) , (9)Jankowski et al. (2019)
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Table 2. Proper motions of 48 pulsars. Superscripts "T", "C" and "CT" indicate values of µα and µδ from the timing analysis,
previously published proper motions and proper motions from comparison of literature and timing positions, respectively.
References for the best available previously published proper motions (from the ATNF Catalogue V1.61) are given in the last
column. Superscripts "N" and "I" on the J2000 name indicate new and improved proper motions from the Nanshan timing,
respectively, and superscript "P" indicates improved proper motions from the position comparison method. Uncertainties in
parentheses are in the last quoted digit and are 1σ.
PSR Name PSR Name µα T µα C µα CT µδ T µδ C µδ CT Ref.
(J2000) (B1950) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1)
J0055+5117 B0052+51 8(10) 10.49(6) 11(7) −1(12) −17.35(2) −23(8) 8
J0134−2937 − 13(1) 17(1) 17(1) −12(2) −9(2) −13(2) 9
J0157+6212 B0154+61 −11(23) 1.5(1) 9(12) 30(30) 44.81(4) 32(14) 8
J0335+4555 B0331+45 −6(4) −3.64(7) 4(1) −6(9) −0.1(1) 19(2) 8
J0520−2553 − 53(48) −1(19) 20(12) 16(72) −7(41) 19(21) 6
J0629+2415 B0626+24 11(13) 3.6(2) 6(2) − −4.6(2) − 8
J0653+8051 B0643+80 24(9) 19(3) −69(4) −6(8) −1(3) −6(4) 2
J0754+3231 B0751+32 −33(28) −4(5) −20(7) −140(102) 7(3) −17(23) 2
J0908−1739I B0906−17 18(5) 27(11) 24(2) −111(8) −40(11) −88(3) 2
J0944−1354I B0942−13 11(9) −1(32) 6(2) −31(13) −22(14) −15(3) 2
J1047−3032P − −60(243) 48(66) 55(54) −373(295) −44(75) 34(69) 6
J1311−1228I B1309−12 62(40) 5(51) −2(8) 129(99) 17(117) −20(26) 6
J1527−3931N B1524−39 −206(216) − −33(37) −348(515) − −12(111) −
J1543−0620 B1540−06 −19(6) −16.77(6) −15(4) −18(19) −0.3(1) −4(4) 8
J1603−2531I − −11(12) 11(13) −34(4) 145(58) 123(60) 22(18) 6
J1614+0737I B1612+07 −20(25) 12(32) −5(12) 59(53) 37(83) 58(23) 6
J1708−3426N − −31(9) − −6(25) 123(45) − −67(198) −
J1722−3632N B1718−36 12(14) − −19(7) −34(62) − −110(34) −
J1733−2228 B1730−22 15(27) −43(84) 71(9) − −700(1800) − 6
J1735−0724 B1732−07 −3(6) −2.4(17) 2(2) 9(23) −28(3) 27(8) 8
J1739−2903N B1736−29 9(7) − 10(4) 115(63) − 84(41) −
J1743−3150I B1740−31 −60(46) −36(61) −11(17) −924(317) 100(600) −136(131) 6
J1750−2438N − −18(48) − −11(21) − − − −
J1759−1940N − 247(208) − 24(70) − − − −
J1759−2922 − −8(26) −3(59) 10(12) − −0(1100) − 6
J1808−2057 B1805−20 −25(25) 2(36) −2(12) − −1200(700) − 6
J1817−3618 B1813−36 −26(27) 19(5) 21(6) 43(109) −16(17) −17(23) 9
J1820−1346I B1817−13 4(37) −15(38) −17(16) −36(215) 100(300) 21(95) 6
J1823−3106P B1820−31 7(4) 18(4) 12(1) −16(26) 27(18) 15(11) 9
J1836−0436P B1834−04 −3(7) 0(6) −3(2) 1(22) 16(19) −1(9) 6
J1839−0643N − 4(32) − −21(21) −170(111) − 61(121) −
J1844+1454P B1842+14 19(8) −9(10) 3(2) 60(12) −45(6) 33(3) 4
J1857+0526N − 19(11) − −9(16) −51(20) − −8(65) −
J1901+0716I B1859+07 26(26) −45(43) 23(16) −121(48) −9(89) −28(33) 6
J1902+0556P B1900+05 −19(15) −7(13) −4(5) 31(24) −4(29) −1(10) 6
J1903+0135I B1900+01 11(6) 3(7) 3(1) −7(12) −13(14) 6(2) 7
J1905+0709P B1903+07 −47(107) −58(70) −1(34) −236(204) 57(148) −12(63) 6
J1916+0951I B1914+09 −14(5) −9(7) −1(2) −3(9) −1(13) −11(2) 6
J1918+1444N B1916+14 78(49) − 44(13) −262(77) − −12(20) −
J1926+0431I B1923+04 −2(18) −4(20) 1(9) −44(33) 22(48) −14(16) 6
J1937+2544 B1935+25 −21(4) −10.05(4) −10(2) −10(5) −13.06(4) −12(2) 9
J1943−1237P B1940−12 −30(25) −20(23) −1(8) −88(97) −51(135) −46(35) 6
J2004+3137P B2002+31 −10(10) 0(9) −6(2) −4(11) −9(13) −6(3) 6
J2029+3744I B2027+37 −8(28) −25(31) 10(11) 74(32) 15(34) −10(13) 6
J2055+2209I B2053+21 −3(10) −9(15) 10(5) 4(14) −5(22) −10(9) 6
J2113+2754 B2110+27 −35(13) −27.98(5) −24(3) −74(15) −54.43(9) −56(4) 8
J2149+6329 B2148+63 12(6) 15.8(1) 26(7) 21(6) 11.3(3) 25(7) 8
J2305+3100 B2303+30 4(13) −3.74(8) −4(2) −40(18) −15.6(2) −13(3) 8
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3.3. Rotational parameters of 84 pulsars
The rotational parameters (ν, ν˙ and ν¨) of 84 pulsars
from full timing analyses, including modelling of the red
noise, are presented in Table 5. The first and second
columns are the pulsar names based on the J2000 and
B1950 coordinates, respectively. The third to the sev-
enth columns are the reference MJD for ν, ν˙, ν¨ (where
its magnitude is greater than the uncertainty) and brak-
ing indices (The uncertainties are from the error prop-
agation formula.), respectively. The next four columns
are, in turn, the MJD range of the data, the data span in
years, the weighted root-mean-square (Wrms) of the tim-
ing residuals and the number of ToAs. The final three
columns give parameters from the red-noise analysis: fc,
α and A. The epoch of the timing model is set to an
integral MJD near the center of the data span. Three
pulsars suffered glitches during the observed data span.
Timing parameters for these pulsars are given in Sec-
tion 3.4 below. For these analyses, positions and proper
motions from the Nanshan timing were used for the 48
pulsars listed in Tables 1 and 2. For the remaining pul-
sars, positions and proper motions were obtained from
the Pulsar Catalogue, V1.61.
Compared with previously published values, the mea-
sured timing parameters have smaller uncertainties for
36 pulsars (including the three glitch pulsars), marked
by superscript "I" on the pulsar J2000 name, and others
are consistent with previous work. The timing proper-
ties of the observed sample of pulsars are further dis-
cussed in Section 4.
10 S.J.Dang et al.
Table 4. One-dimensional velocities of pulsars near the ecliptic plane.
PSR Name PSR Name µαT Dist.Y Dist.CL Dist.D VY1D V
CL
1D V
D
1D
(J2000) (B1950) (mas yr−1) (kpc) (kpc) (kpc) (km s−1) (km s−1) (km s−1)
J0629+2415 B0626+24 11(13) 1.67 2.24 3.0+0.57−0.29 86(100) 115(140) 154(190)
J1733−2228 B1730−22 15(27) 1.1 1.17 − 76(140) 81(150) −
J1750−2438 − −18(48) 12.9 6.58 − 1100(2900) 580(1500) −
J1759−1940 − 250(210) 7.98 4.92 − 9400(8100) 5800(5000) −
J1759−2922 − −8(26) 2.42 1.96 − 91(300) 74(240) −
J1808−2057 B1805−20 −25(25) 4.58 7.61 − 530(550) 880(920) −
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3.4. Glitches in three pulsars
Glitches were detected in three pulsars: PSRs
J1722−3632, J1852−0635 and J1957+2831. For pul-
sars that have undergone large glitches, it is difficult to
determine the timing solution with the whole data span
and so we have separately fitted the pre- and post-glitch
ToAs. The midpoint of the last pre-glitch observa-
tion (T1) and the first post-glitch observation (T2) is
adopted as the glitch epoch. The uncertainty of glitch
epoch was estimated as (T2−T1)/4, which corresponds
to 1σ of a square distribution between T1 and T2 (see:
Espinoza et al. 2011). The evolution of spin frequency
ν and frequency derivative ν˙ for the three glitch pulsars
is shown in Figure 1. Values of ν and ν˙ were derived
from independent fits to short sections of data (100 d
– 200 d), each of which contains 12 – 20 ToAs. The
plotted values were then obtained by subtracting the
(extrapolated) pre-glitch model.
Table 6 gives the timing solutions for these three pul-
sars. We also fitted the glitch parameters using the
model:
φg = ∆φ+∆νp(t−tg)+1
2
∆ν˙p(t−tg)2+[1−e−(t−tg)/τd ]∆νdτd
(2)
where tg is the glitch epoch and ∆φ is an increment
of pulse phase between the pre- and post-glitch data.
The glitch event is characterised by permanent incre-
ments in the spin frequency ∆νp and first frequency
derivative ∆ν˙p and a transient frequency increment ∆νd
which decays exponentially with a time scale τd. Then,
the increment in the spin frequency and the frequency
first derivative at the glitch are described by ∆νg =
∆νp + ∆νd and ∆ν˙g = ∆ν˙p − ∆νdτd . The glitch recov-
ery factor is defined by Q ≡ ∆νd/∆νg (see: Yuan et al.
2010a; Yu et al. 2013). Table 7 gives the glitch parame-
ters, where the uncertainties are 1σ from the error prop-
agation formula. Figure 2 is the timing residuals of three
glitch pulsars after fitting all of the glitch parameters.
3.4.1. PSR J1722−3632
PSR J1722−3632 (B1718−36) is a relatively old pul-
sar (characteristic age τc ∼ 1.4× 106 yr) discovered in a
Parkes survey of the southern Galactic plane by John-
ston et al. (1992). No previous glitches have been re-
ported for this pulsar. Nanshan timing observations
of PSR J1722−3632 commenced in 2002, September.
Here, we report the discovery of a large glitch with
∆νg/ν = 2702.18(4)×10−9 and ∆ν˙g/ν˙ = 0.89(9)×10−3
that occurred around MJD 55283. As shown in Figure 1,
the jump in ν decays only slightly although there is in-
dication of an exponential recovery in both ν and ν˙.
From the fit of the glitch model (Equation 2) we de- T
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Figure 1. The glitches of PSRs J1722−3632, J1852−0635 and J1957+2831. For each pulsar, the top panel shows the spin-
frequency residuals ∆ν relative to the pre-glitch timing solution; the middle panel is an expanded plot of ∆ν where the mean
post-glitch value is subtracted from the post-glitch values; the bottom panel shows the variations of ν˙ relative to the mean
pre-glitch value. The dashed line in each panel indicates the glitch epoch.
Table 7. Glitch parameters for PSRs J1722−3632,
J1852−0635 and J1957+2831. Uncertainties are from the
error propagation formula and are 1σ.
PSR J2000 Name J1722−3632 J1852−0635 J1957+2831
Glitch epoch(MJD) 55283(3) 56086(8) 54689(3)
∆νg (10−9Hz) 6769.2(1) 2182.8(7) 20.9(3)
∆νg/ν (10−9) 2702.18(4) 1144.1(3) 6.4(6)
∆ν˙g (10−17s−2) −4.7(5) −15(2) −2.3(4)
∆ν˙g/ν˙ (10−3) 0.89(9) 5.5(6) 0.7(6)
∆νd (10
−9Hz) 0.4(1) 4.7(5) 4(1)
τd (d) 240(20) 400(40) 110(10)
Q 0.00006(2) 0.0022(2) 0.2(3)
Data range (MJD) 53034-56879 54619-56718 52911-56719
rive a fractional decay Q of just 0.00006(2) (Table 7).
This is consistent with earlier results that small values
of Q are commonly seen for large glitches (Yu et al.
2013). The fitted value for the time constant τd of the
exponential decay is about 240 days (Table 7). Another
striking point about the post-glitch recovery in this pul-
sar is that, for the available data span, only about half
of the increment in ν˙ at the glitch, (∆ν˙g) recovers ex-
ponentially. It is possible that future observations will
show a linear increase in ν˙ as is commonly observed af-
ter the exponential recovery in large glitches (Yu et al.
2013).
3.4.2. PSR J1852−0635
This pulsar has a characteristic age τc ∼ 5.7× 105 yr
and no glitch event has previously been reported for
it. Nanshan observations of PSR J1852−0635 started
in 2008, June. As shown in Figure 1, we detected a rel-
atively large glitch near MJD 56086 (2012, June) with a
fractional frequency change ∆νg/ν = 1144.1(3)× 10−9.
Again, the fractional post-glitch decay is very small,
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Figure 2. Timing residuals of PSRs J1722−3632,
J1852−0635 and J1957+2831 after fitting for all glitch pa-
rameters. The vertical black dashed line in each panel indi-
cates the glitch epoch.
with Q about 0.0022(2) (Table 7). There is some in-
dication of an exponential recovery in ν with time-scale
about 400 d, but the recovery in ν˙ appears more linear
than exponential.
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Figure 3. Pre-fit timing residuals of PSRs J1759−2922 and
J1909+0007.
3.4.3. PSR J1957+2831
PSR J1957+2831 was discovered by Lorimer et al.
(1998) and is associated with the supernova remnant
G65.1+0.6 (Tian & Leahy 2006). Three small glitches
in this pulsar were reported by Espinoza et al. (2011). In
our data span (from MJD 52911 to 56719), we detected
the third glitch at MJD ∼ 54689(3) with a fractional
frequency change of ∆νg/ν = 6.4(6) × 10−9. Figure 1
shows a clear exponential recovery following the glitch
which was not detected by Espinoza et al. (2011). We
have fitted the glitch parameters using Tempo2 and the
results are given in Table 7. The exponential decay has
a fraction Q ∼ 0.2 and time-scale τd ∼ 110 d.
3.4.4. Other claimed glitches
The Jodrell Bank glitch catalogue reports a small
glitch for each of PSRs J1759−2922 and J1909+0007
around MJD 54535 and 53546, respectively (the latter
also published by Espinoza et al. 2011). These reported
glitches are within our data spans and the pre-fit tim-
ing residuals obtained from our observations are shown
in Figure 3. Our data, which are well sampled, show
no evidence for a glitch in either pulsar at the relevant
epoch. For PSR J1759−2922, the timing residuals are
almost white. For PSR J1909+0007 there is a change of
pulse frequency around the epoch of the claimed glitch,
but it is slow and can be attributed to red timing noise.
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Figure 4. Distribution of pulsar transverse velocities, VT,
for the pulsars in our sample.
4. DISCUSSION
4.1. Velocities
Although the different estimates of pulsar distance
have an impact on the computed transverse velocities
(Tables 3 and 4), the uncertainties of the total proper
motions are sufficiently large, so that the computed
transverse velocities for a given pulsar are generally
consistent within the uncertainties. For example, PSR
J1543−0620 has transverse velocities, VTY = 142(78),
VTCL = 91(50) and V
T
D = 400(200) km s
−1, which over-
lap at the 1.5-σ level despite a factor of four difference
in the estimated distances.
Figure 4 shows the distribution of derived transverse
velocities from our results. For this plot, we show only
pulsars with velocity uncertainties less than three times
the mean transverse velocity of 270 km s−1 from Hobbs
et al. (2005) and we chose the values with the least un-
certainty between results from the timing method and
the position comparison method. Except for nine pul-
sars which have a VLBI distance and PSR J0134+2937
and J1311−1228 for which the NE2001 distance was
adopted, we used distances from the YMW16 model.
The mean and rms velocities of the sample are 255 and
168 km s−1, which are consistent with previous esti-
mates (e.g., Zou et al. 2005; Hobbs et al. 2005).
4.2. Glitches
We have detected glitches in PSRs J1722−3632,
J1852−0635 and J1957+2831. For PSRs J1722−3632
and J1852−0635, these is the first detected glitches.
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These pulsars have relatively large characteristic ages
among the sample of glitching pulsars, with τc ∼ 1.4,
0.6 and 1.6 Myr, respectively. Two of the glitches,
in PSRs J1722−3632 and J1852−0635, are large with
∆νg/ν greater than 10−6 in both cases. The post-glitch
recoveries seen in these pulsars are typical of those seen
after large glitches. Such exponential recoveries can be
interpreted by the "vortex creep" model (see, e.g., Alpar
et al. 1993; Lyne et al. 2000) where the rotation of the
superfluid interior and the crust return to equilibrium
after a glitch.
We have investigated the relationship between ∆νg/ν
and τc for all known glitches as shown in Figure 5.
These data are from the ATNF Glitch Catalogue and
the Jodrell Bank Glitch Catalogue and include the pul-
sars discussed in this paper. As is well known (Espinoza
et al. 2011; Yu et al. 2013; Fuentes et al. 2017), the distri-
bution of relative glitch sizes is bi-modal with a group of
"large" glitches with ∆νg/ν ∼ 10−6 and a second broad
group of "small" glitches with ∆νg/ν . 10−7. As is il-
lustrated in Figure 5, large glitches have ∆νg/ν that is
essentially independent of τc but an occurrence rate that
is strongly dependent on τc, with fewer glitches observed
at larger τc. Small glitches, on the other hand, have an
inverse dependence of ∆νg/ν on τc and an occurrence
rate that is only weakly dependent of τc, at least up to
τc ∼ 107 yr. Almost certainly, the physical mechanisms
for these two types of glitches are different. Specifically,
few large glitches are detected in old pulsars, with just
four pulsars with τc > 106 yr having large glitches. PSR
J1722−3632 is the second oldest pulsar known to have
a glitch with ∆νg/ν > 10−6.
The glitch activity parameter, generally defined by
Ag ≡ 1
T
∑ ∆νg
ν
(3)
(McKenna & Lyne 1990; Lyne et al. 2000), where T is
the total data span over which the pulsar has been ob-
served and
∑
∆νg/ν is the sum of the relative glitch
frequency increments for all glitches in a given pulsar, is
a measure of the impact of glitch activity on the mean
slow-down rate. Figure 6 shows Ag versus τc for glitch-
ing pulsars obtained from the ATNF Glitch Catalogue
and the Jodrell Bank Glitch Catalogue as well as the
three pulsars discussed here. In the calculation, we have
taken the date of pulsar discovery as the start of the data
span. For our three glitch pulsars, T extends to the end
of our data span. For other pulsars, 2019 January is
assumed.
Figure 6 shows that Ag is largest for pulsars with τc ∼
105 yr, decreasing on average for both younger and older
pulsars. Although frequent, glitches tend to be small in
very young pulsars such as the Crab pulsar, giving them
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Figure 5. Glitch fractional frequency increment ∆νg/ν ver-
sus characteristic age τc for all pulsars with observed glitches.
The blue "?", "•" and "3" represent the pulsars reported
here, PSRs J1722−3632, J1852−0635 and J1957+2831, re-
spectively. The vertical dotted line is at τc = 106 yr and the
horizontal dotted line is at ∆νg/ν = 10−6. The top and left
panels are the distributions of τc and ∆νg/ν, respectively.
a low Ag, as well as very old pulsars (Figure 5). Glitch
activity parameters for PSRs J1722−3632, J1852−0635
and J1957+2831 are ∼ 3.9× 10−15 s−1, 3.0× 10−15 s−1
and 1.5× 10−17 s−1, respectively. Since only one glitch
has been observed in the 22 and 12-year observational
data spans for PSRs J1722−3632 and J1852−0635, the
quoted values are upper limits. Never-the-less, these val-
ues are within the observed range of activity parameters
for middle-aged pulsars (Roy et al. 2012).5
For the widely accepted model where glitches result
from a sudden transfer of angular momentum from an
interior superfluid to the neutron-star crust, Link et al.
(1999) showed that the ratio of the moment of inertia of
the interior superfluid, Is, to the moment of inertia of
the crust (and any interior components tightly coupled
to it), Ic, must obey the constraint:
Is
Ic
≥ G ≡ 2τcAg = ν¯|ν˙|
1
T
∑ ∆νg
ν
. (4)
where ν¯ and |ν˙| are the average spin rate and spin-down
rate of the crust over the period of observations, respec-
tively. G is an observational parameter, but is known as
the "coupling parameter" because of this relation. For
5 Note that Roy et al. (2012) define Ag ≡ 1T
∑
∆νg , that is,
the mean increment in ν˙ due to glitches.
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the Vela pulsar, G is about 1.6% and similar values are
found for other young and frequently glitching pulsars
(Ho et al. 2015). However, Andersson et al. (2012) and
Chamel (2013) have argued that, because of "entrain-
ment" of superfluid in the inner crust, Link et al. (1999)
underestimated the value of Is/Ic by about a factor of
four. When the entrainment is considered, using the
latest data which contain 20 glitches for the Vela pul-
sar during ∼ 50 years of observation, the corresponding
Is/Ic is about 6.9%. This leads to the conclusion that
the crustal superfluid, by itself, cannot account for large
glitches such as those in the Vela pulsar, and hence that
another superfluid component, perhaps in the neutron-
star core, must contribute to the observed glitches (see
also Delsate et al. 2016; Basu et al. 2018).
For PSRs J1722−3632, J1852−0635 and J1957+2831,
we find values of G of about 0.35, 0.11 and 0.0015, re-
spectively. For PSR J1957+2831, G is less than typi-
cal values for young and middle-aged pulsars (Ho et al.
2015) and can easily be accounted for by angular mo-
mentum transfers from just the crustal superfluid. For
PSRs J1722−3632 and J1852−0635, Ag and hence G are
just upper limits. The limits for G are much larger than
the limit for the crustal superfluid, even without invok-
ing entrainment. However, since they are just upper
limits, at present these results are not inconsistent with
the idea that the crustal superfluid can account for the
observed glitches. Detection of another glitch in PSRs
J1722−3632 or J1852−0635 within a few decades would
confirm that G exceeds the crustal superfluid limit. Fig-
ure 7 shows the results of simulating the effect of a future
glitch for PSRs J1722−3632 and J1852−0635 on the de-
rived value of Is/Ic. For PSR J1722−3632 in particular,
even a small glitch in the next seven decades would re-
sult in Is/Ic exceeding the crustal superfluid limit even
with entrainment. Without entrainment, the intervals
would be much longer.
4.3. Braking Indices
Under the assumption of pure magneto-dipole radia-
tion, the pulsar braking index n = 3. However, except
in the youngest pulsars, ν¨ is generally dominated by
red-noise processes. Hobbs et al. (2010) give ν¨ for a
sample of 366 pulsars. They reported that, for pulsars
with characteristic ages τc > 105 yr, 53% have a positive
ν¨ value and the remaining 47% have negative ν¨. Also,
for a given pulsar, different sections of the data span
can have different values of ν¨, often changing from pos-
itive to negative values. Liu et al. (2019) investigated
the detectability of ν¨ in the presence of red noise for
a sample of millisecond pulsars. Using simulations, it
was found that a non-zero ν¨ could be recovered when
3 4 5 6 7 8 9 10
 log10τc (yr)
−20
−19
−18
−17
−16
−15
−14
−13
 lo
g 1
0A
g(s
−1
)
glitch numbers = 1
glitch numbers > 1
PSR J1722-3632
PSR J1852-0635
PSR 1957+2831
Crab pulsar
Figure 6. Glitch activity parameter Ag versus characteristic
age τc. The gray "" and red "4" stand for pulsars with
one or more observed glitches, respectively. The blue "?",
"•", "3" and "O" represent PSRs J1722−3632, J1852−0635,
J1957+2831 and Crab pulsar, respectively.
data spans are sufficiently long. Johnston & Galloway
(1999) and Wang et al. (2001) showed that there is a
bias toward large positive ν¨ in relatively young pulsars
and suggested that this could result from the post-glitch
decay from unseen earlier glitches.
In our sample of 87 pulsars, values of frequency second
derivative were obtained for 76 pulsars. Excepting PSRs
J0614+2229 and J1918+1444 which have τc ∼ 104 yr,
most of the sample have 105 . τc . 108 yr. The
range of the value of ν¨ is from −9.9 × 10−25 s−2 to
+54 × 10−25 s−2, and 54% of the sample have positive
values of ν¨. We have also calculated the braking indices
for all pulsars in our sample, with a maximum value
of (+3.6 ± 6.3) × 105 for PSR J1047−3032 and a min-
imum value of −9.9 ± 3.5) × 105 for PSR J0520−2553.
The median value is about 23. These results are con-
sistent with previous results from the literature (e.g.,
Hobbs et al. 2004). Figure 8 shows the dependence of
|n| on τc. The data were obtained from the ATNF Pul-
sar Catalogue V1.61 and our sample; only values with
a significance > 3σ are plotted. It can be seen that for
the young pulsars (τc < 105 yr), no correlation is found
between |n| and τc and almost all values of n are posi-
tive. For middle-aged and old pulsars (τc & 105 yr), the
numbers of positive and negative |n| are almost equal
and |n| is strongly correlated with τc, with a Pearson
correlation coefficient ρ ≈ 0.79. These results add fur-
ther support to the idea that observed values of ν¨ and
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Figure 7. Simulated variations of Is/Ic for PSRs J1722−3632 and J1852−0635 in the event of a future glitch. The grey bands
outline the values of Is/Ic that would result from a glitch in the range ∆νg/ν between 10−9 and 10−6 at a given epoch. The
red dashed line in each panel indicates the value of Is/Ic ∼ 6.9% for the Vela pulsar after invoking entrainment.
n for young pulsars are dominated by glitch recovery,
whereas for middle age and older pulsars the anomalous
braking indices result from the presence of red timing
noise (Hobbs et al. 2010).
There are many possible sources of such red noise.
A likely mechanism is fluctuations in the rate of an-
gular momentum transfer from the interior superfluid
to the neutron-star crust, perhaps resulting from super-
fluid turbulence (Melatos & Link 2014). Fluctuations
in the pulsar magnetosphere can also cause timing ir-
regularities, sometimes related to mode changing (e.g.,
Kramer et al. 2006a; Lyne et al. 2010; Ou et al. 2016).
Yi & Zhang (2015) and Gao et al. (2016) showed that
rapid changes in the magnetic inclination angle, includ-
ing oscillations in the direction of change, could result
in red timing noise.
5. CONCLUSIONS
We have presented a timing analysis of 87 pulsars
based on 12 years of observations using the Nanshan
radio telescope at Xinjiang Astronomical Observatory.
The main conclusions are as follows:
(i) We have obtained positions and proper motions
for 48 pulsars. Of these positions, 24 are improved over
previously published values. Improved proper motions
are given for 21 pulsars and the first published proper
motions are given for nine pulsars (Section 3.1).
(ii) We have obtained transverse velocities for 48 pul-
sars. Although uncertainties are often large, their statis-
tics are consistent with previous work (Section 3.2).
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Figure 8. Absolute value of braking index |n| with a
significance > 3σ versus characteristic age τc Gray and green
"•" stand for the positive and negative n obtained from the
ATNF Pulsar Catalogue V1.61 respectively. Red and blue
"?" stand for the positive and negative value of n obtained
from our sample. The vertical dotted line is at τc = 105 yr
and the horizontal dashed line shows n = 3.
(iii) We have obtained the rotational parameters for
these pulsars. For 36 pulsars, our results have smaller
uncertainties than previously published values (Sec-
tion 3.3).
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(iv) We detected glitches in three pulsars. For two of
these (PSRs J1722−3632 and J1852−0635) they are the
first detected glitches. PSR J1722−3632 is the second
oldest pulsar (τc ∼ 1.4× 106 yr) in which a large glitch
(∆νg/ν > 10−6) has been detected (Section 3.4).
More frequent timing observations and longer data
spans will give more precise rotational parameters, po-
sitions and proper motions. Detection of more large
glitches, especially for pulsars like PSRs J1722−3632
and J1852−0635, will further constrain the physics of
neutron star interiors.
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